 AD-A178 435

Bl PN

W AW ... Bind Sy

IDA PAPER P-1893

Add* FOUNDATION TECHNOLOGY

Volume IV: Software Requirements for WIS Text Processing Prototypes

Alan Shaw, Task Force Chairman
Murray Berkowitz, IDA Task Force Manager
Bill Brykczynski
Christopher Fraser
Edgar Irons
Marvin Zelkowitz

John Salasin, Program Manager

TIC

,ELECTE
MAR 3 1 1987

December 1986

Prepared for
Office of the Under Secretary of Defense for Research and Engineering

. s ‘“‘

: B INSTITUTE FOR DEFENSE ANALYSES
1DA

1801 N. Beauregard Street, Alexandnia, Virginia 22311

*Ada is a registered trademark of the 1).S. Government, Ada Joint Program Office.

3 su wug3y

IDA Log No. HQ 86-30821



e

The work repurted In this documant was conducted undar contract
MDA 903 84 C 0031 for the Department of Defense. The publica-
tion of this IDA Paper doos not indicats andorsement by tha
Department of Defonse, nor should the contents be construed as
refiecting the official position of that agency.

This paper has been reviewed by IDA to assure that it :noets
high standards of thoroughness, objectivily, and sound anaiytical
methodology and that the conciusions stem from tha method-
ology.

Approved ior public relsase, distribution unlimited.

. Bl G

e e e e e e e T e



SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE A0 28 S 2E

Ia  REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

28 SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT

2b  DUCLASSIFICATION/DOWNGRADING SCHEDULE Approved for public release; distribution unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)

P-1893 - Volume iV

6a NAME OF PERFORMING ORGANIZATION | 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION
Institute lor Defense Analyses iDA

6c  ADDRESS (City, State, and Zlp Code) 7o  ADDRESS (Clty, State, and Zlp Code)

1801 N. Beauregard St.

' Alexandria, VA 22311
] EEEE—— EE
Lu YAMTE OF FYURDING/SPONSORING 8b OFSFICE SYMBOL |9 PROCUREMENT INSTRUMENT IDENTIFICATICN NUMBER
JORGANIZATION (if applicable)
MDA 903 84 C 0031
WIS Joint Program Management Office WIS/UPMO
8¢ ADDRFSS (City, State, and Zlp Code)
WORR ORIT
7798 Old Springflield Road ACCESSION NO.
McLean, VA 22102

11 TITLE (Include Security Classification)
Ada™ Foundation Technology: Volume IV - Software Requirements for W1S Text Processing Prototypes
12 PERSONAL AUTHOR(S)

1966 Decerber 46

(Vear, Month, Day) Ius PAGE COUNT

Final
B6 SUPPLEMENTARY NOTATION

17 COSATI CODES | T} Sd“E?’ TERMS (Eollhu on reverse Il mecessary and ldentify by btock number)

FIELD cRoup SUB-GROLP 1 World Wide Miltary Command and Contrci Systers (WWMCCS;, WWMCCS Information System (WIS},
automatic dats processing (ADP), Ada progremming language, CAIS, text processing, word
processing, text editor

P 19 ADRSIRACT (Coniinue on reverse If necessary and ldentily by block sumber)

This docurnent describes general requirements lor the WIS Text Processing System protoiype project. The objective lor this effort is the development o!
a complete Ada based “document management” system with capabiities for, but not lmited to, word processing, providing output with multiple type lonts,
and user-onenied “help” messages tallored to the operations being performed and user expertise. In general, critical design issues irclude the tollowing  a)
The provision tor compalibilty with multiple subsystems that may or may not have been compietely delined and/or developed; b) The ability to use a vanety
ol npul/outpua devices; ) The capabilty of using lextual syntax/semantics to provide assistance in document pisparation; d) The abiity to provide
user-onented “help” based on anaiyses o operations being pedormed (e.g., code being executed) and user hislory/expertise .

Two specdications have been generated and support the stated abjective of deweloping soltware in Ada to support WIS communications lunctionaity in
the 1950's a) Specihcahon lor Structure Genera’or Editor for Documents. Programs ard Other Structured Data; b) Spedcitication lor 8 Writer's Workbench

Trus work 1s 1he result of the identification of the functionality requirements and research o! the technology base .

Ttus voiumae 15 the lourth of a nine-volume set descrbing projects which are planned for protatype foundation technologies tor WIS using the Ada
programmung language The other volumes include command language; soltware design, descriplion and analysis 1oois. database management system,
operating sysiems; panning and optimization tools: graphics, and network protocols

20 DISYRIBUTION/AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION

B UNCLASSIFIED/UNLIMITED (3 SAME AS RPT. L DTIC USERS 1N ASSTRED

22 NAMI OF RESPONSIBLE INDIVIDUAL 21t TELEPHONE (Iaclude Area Code] 22¢ OFFICE SYMBOL

DD FORM 1473, 84 MAR SECURITY CLASSIFICATION OF Tis 2l

83 APR edition mey be used uatit exhsusted
Ait otber editioas are obsolete

D e e e e R R A . — —— ——y— T ——— e ——— -



IDA PAPER P-1893

Ada™ FOUNDATION TECHNOLOGY

Volume IV: Software Requirements for WIS Text Processing Prototypes

Alan Shaw, Task Force Chairman

Murray Berkowitz, IDA Task Force Manager

Bill Brykczynski
Christopher Fraser
Edgar Irons
Marvin Zelkowitz

John Salasin, Program Manager

Accession jor
I —

NTIS GRAK' g
DTIC TAB a
0

Unannounced i
Justification . |

e

December 1986

By. ..
__Distributicn/

Avallability Codes
Avell ancg/or

—

b

DA

INSTITUTE FOR DEFENSE ANALYSES

Contract MDA 903 84 C 0031
Task T-W5-206

----------



TABLE OF CONTENTS

1.0 INTRODUCTION ....cciviiiiiiniiniiniiniisieintiniiiiinneensensansnsesasnnne. 1
1.1 PUIPOSE .. iiviiiuiiiieiiieiiiiirniietnrncrecensetonsnrnesescnssronsasasscasnssronsnsaons 1
1.2 T oL PP 2
1.3 Terms and Abbreviations ............... STl a0 e . o o o srreBPrearnel i TR ST 4
14 REfEIBNCES ..ovuiviiiiiiitiiiiiiiiiiiii et iien e seennsraeansnaensd 4
2.0 A STRUCTURE EDITOR GENERATOR FOR DOCUMENTS,

PROGRAMS AND OTHER STRUCTURED DATA .......cccocvvvinininrennnnne 6
21 INEOAUCHION 1euivivniiiiuiriiniiniiiinierueriureeeenienetenerresaesosasensnsasenens 6
2.2 Background ........coieiiiiiiiniiiiiiiiiiei e e et rsre s e e 6
23 Applications of the EQItOr ..........ccovveiuiiiiiiiiiiiiiiiiiiicininicricneeeenenn 7
24 The Host ENVITONMENLS ......ovvvviuieniiiiniininiiiiiieieninriiiereoracenensaeocenne. 7
2.5 The UserINterface ......ocoevveviiiiiiiiiiiiiniiiiiiiiiiiiiiiinc e 8
2.5.1 VWS 1eiiiiiniiniineniirencenrene et ertsessransnsoarenssaessesneaecnecennes 8
2512 The Interaction Language ........occvvviiiiiiiiiiiiiiiiiiiniiiiininiincin 8
2.53 Editing Objects Structurally and Textually .......ccoeeiiuiiniininniiiininiaass! 9
254 Editing Object Definitions ........ccovuveiirieninieieiiininiieeieneneecerenennn 10
2.6 Specification of Object Classes ............ccevuviuiiniiniiniiiieieiiriieinininennes 11
2.6.1 Default Actions and Prompting .......cccoceeviviiiiinininiiniiiiniinnninn. 11
2.6.2 Using Action Routines to Define Views of Unelaboratsd Objects ........... 13
2.6.3 Action Routines for Viewing and Elaborating Objects ...............c.cc.ue. 17
2.7 Example Applications .........c.coveviininiiiiiiiiiiiiiin 18
2.7.1 Definition of a Military Document ..........ccooevviiiniiiniiiiininininiinenn. 18
2.7.2 Ad2 PIOZIAIMS ..0uiuiiniiieineciniitinnenttiteeieneeeeacnneeasaseaaees soeanent 19
2.13 Spread Sheet ....oovuviuiiiniiine i 21
3.0 GENERAL REQUIREMENTS FOR A TEXT EDITOR/FORMATTER ...... 24
3.1 INtrOQUCHON oouiviriiinieiiii ettt iee ittt et erieeteeeeaeeeraeasenneaennnanne 24
3.2 Word Processing CharacteriStics ........oceveuveniniiniinimiiniuiiiiiinieniiennnn, 24
3.2.1 The JdIOMm oo e e e e e e 24
3.2.2 CUISOr MOtION o.viriiniiiiieieiiaeareiteeiieneaetereeeaseaearantecananseannnns 24
3.23 T 103 11 1N 25
3.24 Formatting ......ooovviiiiiiiiiiiiiiiiii 25
225 1 7 PSPPI 25
3.2.6 Search and Replace Operations ...........ccceveveniuiiiiininiinienininnn. 25
3.2.7 Calculati,.z Capability .........ccovrrviiriirieiiiniiiiri e 25
3.2.8 OIS L. e 25
3.29 Document Interchange Format Capability .........cccocviiiiiiiivenininnnne. 26
33 WYSIWYG Document Production ............cceeeeveiiniiiiiieniecennenninnnnn.s 26
3.3.1 The Integrated Document ........c.oooiiiiiiiiiiiiiiiiiiiin ciiinininieee. 26
3.3.2 Extended FOMMAtNg . ..ooovuiiimtniieiiie it ee e 27
3.33 Dynamite CONSUIULENTS ......ueeueuiiriaiiiiiiiiieiiie e e ee e 2
3.4 Performance ReqQUITEMENts .......ocoeiiiiiiniiiiiiiiniiiiiiniiniiiiiieaes 28
4.0 WRITER'S WORKBENCH . ....ccciiiiiiiiiiiiiiiiiiiiiiiiicceicen, ....28
4.1 T3 07 [HT e o e 29
4.2 Scope Of REQUINEMENE .......coiviiiiiiiiiiiiiiiiiiii e, 29
4.2.1 1LY (0741 1T 1 P 29
4.2.2 (01,1131 1 SO PP 30
43 Writer's Workbench Tools ........ooviiiiii e, 30
4.3.1 TEXE THDUL ...een it e et 3!

i




I R g - el il

500 I RGO LN S LG SHICRRCRILS
el ed i adedaiad "L Rt K=,37 W YNy 8

O~JANNH WO

TABLE OF CONTENTS (Continued)

) 30011 1 (- SO 31
Equation INPUt ........oeuininiieiiiiiiiirieiuieieeeceeraenensncnscnsnrannns 31
Table INPUL . ....vuiniiiiiiciiii i ireeieeettuenseernraneereaessenaannnannns 31
FOMES c.iuiiiiiiiiiiiiiniiiiiieiiiiiiiiiteitettesiessnseranensensesnnsnssnscnnnen 31
GraphiCs ....cvuiiniiiiiiiiii e ee e s sse s s se s aesnes 31
Spelling CheckeT .....couiuiiiiiiiiiiiiiiiiiiiri e eei s e ecen e enennss 32
DICHONATY ...uivininiiiiiiiniiiiieteeeeneetetensaesoneesannrnsesnsnsessesnensnnennns 32
TRESAUIUS ...oovinininiiiiiiiiiiiiiiieiittatieaieteenensnssnasnsesasasnsaeens 33
1176 [ TP PO 33
Table of CONtENLS ....ccvvvvnuiniiiiiiiiiiiiiiirieiererieieeeeeeereenanennncnns 33
) 07- 0 {114 (3 S PO 33
File Conversion .........coviiiiiiiiiiiiiiiiiiiiiieieiniieinenresuceereneerenans 33
011111 1T ST TPPPPO T P 34
COMPATALOL .....ocuinieniniiniiiiuiiiiiiitetrin ittt testsense st snsaesncnans 34
J5H1T0 o1 11 1+ S OO SN 34
Database .....c.ouiiiiiiiii et e ee e e e e e aa e 34
Commnand Language ........cccoveiiiiiiiiiiiiniiiiiininiinecisincnerenneennns 35
u

e e e e e e e B anie B A8 e R g A T T T T T———



1.0 INTRODUCTION
1.1 Purpose

The World Wide Military Command and Control System (WWMCCS) is an arrangemeni
of personnel, equipment (including avtomatic data processing (ADP) equipment and
software), communications, facilities, and procedures employed in pilanning, directing,
coordinating, and controlling the operational activities of U.S. Military forces.

The WWMCCS Information System (WIS) is responsible for the modemization of
WWMCCS ADP system capabilities, including information reporting systems, procedures,
databases and files, terminals and displays, communications (or communications
interfaces), and ADP hardware and software. The WIS environment is a complex one,
consisting of miany local area networks connected via long distance networks. The
networks will contain a wide variety or hardware and software and will continue to evolve
over many years.

The main functional requirements for WIS are presented in [JACK 84]. Briefly, the
functional requirements have been categorized into seven areas:

a. Threat identification and assessment functions involve identifying and
describing threats to U.S. interests.

b. Resource allocation capabilities must be provided at the national, theater, and
supporting levels.

c. Aggregate planning capabilities must provide improved capabilities for
developing suitable and feasible courses of action based on aggregated or
summary information.

d. Detailed planning capabilities must provide improved methods for designating
specific units and associated sustainment requirements in operating plans and
for detailing the sustainment requirements in supporting plans.

¢. Capabilities must must be provided to determine readiness, for directing
mobilization, deployment and sustainment at the Joint Chiefs of Staff (JCS) and
supported command levels and for promulgating and reporting execution and
operation orders.

f. Monitoring cznabilities must provide information needed to relate political-
military situations to national secunty objectives,and to the status of
intelligence, operations, logistics, manpower, and C3 situations.

g. Simulation and analysis capabilities must include imiproved versions of
deterministic models that are comparable to those contained in the WWMCCS.

In order to support these high level objectives, the WIS system software must provide an
efficient, extensible, and reliable base upon which to build this functionality. To develop
such system software, several projects are planned for prototype foundation technologies
for WIS using the Ada programming language. The purpose for developing these
prototypes is to produce software compopents that:

a. Demonstrate the functionality required by WIS.

B e e G S L 5 i i il R o M S o R G e e D oo S e RS ey — e St



b. Use the programming language Ada to provide maximum portability, reliability,
and maintainability consistent with efficient operation.

c. Demonstrate consistency with current and “in-progress” software standards.
Foundation areas in which prc  types will be developed include:

a. Command Languages

b. Software Design Description and Analysis Tools

c. Text Processing

d. Database Management Systems

e. Operating Systems

f. Planning and Optimization Tools (Computational and Analytic Segment (CAS)
Smzrt Advisor for Planning and Execution Decisions (WISSAPED))

g. Graphics

h. Network Protocols
1.2 Scope
This document describes general requirements for the WIS Text Processing System
prototype project. The objective for this effort is the development of a complete Ada-based
"document management” system with capabilities for, but not limited to, word processing,
providing output with multiple type fonts, and user-oniented "help” messages tailored to the
operations being performed and user expertise. In general, critical design issues include
the following:

2. The provision for compatibility with multiple subsystems that may or may not
have been completely defined 2nd/or developed

b. The abulity to use a vanety of input/output devices

c. The capability of using textual syntax/semantics to provide assistance in
document preparation

d. The ability to provide user-onented "help” based on analyses of operations
being performed (e.g., code being executed) and user history/expertise

Two specifications have been generated and support the stated objective of developiny,
software in Ada to support WIS communications functionality in the 1990's:

a. Specificadon for a Smucture Generator Editor for Documents, Programs and
Other S'ructured Data

b. Specificaton for a Writer's Workbench

This work is the resuls of the identification of the functionality requirements and research of
the technology base.
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The Structure Generator Editor for Documents, Programs and Other Structured Data
specification describes a project to design, develop, and implement a prototype system for
automatically generating general and special-purpose editors across a variety of computers,
input devices, and hard/soft copy output devices.

The Writer's Workbench specifies Ada packages for common tools necessary for a text
processing system to provide a writer with complete document preparation capability. This
includes tools for spelling error detection/comrection, style analysis, indexing, bibliography
database, on-line dictionaries, and glossaries.

Efforts were initiated to develop specifications for a text editor/formatter system with the
following capabilities:

a. High speed and efficient editing of large files.
b. File operations such as copying, moving or searching large blocks of text

optimized to perform at nearly the speed achievable by the underlying operating
system.

c. Defining character fonts arbitrarily and of arbitrary size from a pixel to larger
than a screenful.

d. WYSIWYG ("What you see is what you get") formatting, so that the text stays
in format as you type, including proportionally spaced text using characters of
different widths.

e. Providing calculator and spreadsheet functions on data in the text.

f. Providing the opportunity to define forms whose ficlds may be selected from a
list of alternatives, or constrained in arbitrary ways by an interpreted Ada

program.
g. Allowing interpretive execution of Ada programs mixed with editing operations.

Upon further investigation it was determined that such capabilities exist with current
commercially available technology and products such as the Slater Tower (Estes Park,
Colorado) product "SPROUTS". This obviated the need for development of a specification
of such a component as it could easily be purchased/licensed from the vendor and
converted to Ada. General requirements for such a text editor are, however, included in
this report.

In this document the basic design, structure and interfaces of the WIS Text Processing
System are provided. Many implementation details are left to the implementor; however, it
is intended that the text processing system will be designed and implemented in Ada.

The following documents form part of this document to the extent specified herein.

U.S. Department of Defense. Reference Manual for the Ada Language:
ANSUMIL-STD-1815A, Jjanuary 1983.

U.S. Department of Defense. Common APSE (Ada Programming Support
Environment) Interface Set (CAIS). Proposed MIL-STD-CALS edition, KAPSE
Interface Team (KIT), 198S.




U.S. Department of Defense. Joint Staff Officer's Guide 1984, (AFSCPub 1),

Proposed MIL.-STD Document Interchange Format (DIF).

1.3 Terms and Abbreviations

ADP
APSE
CAIS

dag

DIF

GXS

/0

ISO

ICS

LAN

MS

SQL
TCP/TP
WIS

WWRB
WWMCCS
WYSIWYG

Automatic Data Processing

Ada Programming Suppor* Znvironment
Common APSE Interface Set

Directed acrylic graph

Document Interchange Format

Graphical Kernel System

Input/Output

International Standards Organization

Joint Chiefs of Staff

Local Area Network

Milliseconds

Structured Query Language

Transmission Control Protocol/Internet Protocol
WWMCCS Information System

Writer's Workbench

World Wide Military Command and Control System
What You See Is What You Get
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2.0 A STRUCTURE EDITOR GENERATOR FOR DOCUMENTS, PROGRAMS, AND
OTHER STRUCTURED DATA

2.1 Introduction

The purpose of this project is to produce a prototype for a generator of structure editors.
The generator system should provide the necessary facilities for coastructing editors; for
example, the following:

a. The preparation of documents, particularly the standard military forms used for
transmi‘ting orders, inteliigence, plans, and other communications.

b. The construction of Ada programs.

c. The creation of a variety of other types of structured data, for example,
spreadsheets, electronic mailboxes, and file directories.

The system is to be driven by grammatical descriptions of the object classes together with
associated Ada action routines which govern the output display. The command language
part of the user interface may be fixed in the initial version, but the design should permit a
more flexible syntax-directed version that could easily accommodate different interaction
styies.

This document briefly discusses several recent research and development efforts that
demonstrate the feasibility of such a generalized approach. Section 2.3 specifies the
applications, i.c., the objects that the editor should handle, in more detail. The range of
host hardware and software environments are then presented; in summary, these are high
quality, high performance workstations, and mcdemn Ada-based graphics and database
packages, respectively. The user interface is described in Section 2.5, including input
commands for editing data and structure, control commands, and output forms. Section
2.6 outlines the requirements and possibilities for object grammars and action routines.

2.2 Background

Traditonally, editors edit text However, the editing paradigm has also been used
extensively as the way to interact with many other kinds of objects. Program editors edit
abstract syntax trees for computer programs (e.g., [TEIT 81]). Word processing software
edits documents and formats them in real-time [FURU 82; MEYR 82; NIEV 82]; such
documents may contain different hpes of text:al objects, as well as tables, mathematica!
formulae, and other special symbols. Electronic mail systems edit electronic mailboxes.
Standard text editors often edit structured data “ncoded as linear text; for example,
calendars and accounting files are often represented as text files. Window managers edit
properties of windows, such as their size, positon, and priority. Debuggers edit memory
images, and sub-editors within them edit tables of breakpoints. Various utiliies edit file
system directones, for example, to display directories, renan ¢ files, or remove files. Some
operating system command interpreters permit the re-use ang modification of past
commands by maintaining and editing command scripts. Applications packages often edit
divesrse structures; tor example, graphics systems may edit complex linked structures
representing images and spreadsheet managers, such as Visicale, edit financial models.

Al of these systems require a simular core set of facilities, for example, to insert, delete,
move, and copy objects. These editing sirrulanities over such a wide renge of objects and
structures have led te the recent development of general syntax-directed {structure) editors.
Thus, there are structure editors for programs { BAHL 85, MEDI 82, REIS 84}, structure
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editors for documents [KIMU 84, KIMU 83], and more general editors that work with any
object at the user interface [FRAS 80, 81a, 82; FRAS 81b; NOTK 85; SCOF 85].
Typically, these editors may prompt for input according to grammars defining the objects
of interest, may parse some input when complete syntactical prompting is not practical or
desired, and display structures in realtime through a formatting (or "unparsing") process.
This project is concerned with the automated construction of such editors.

2.3 Applications of the Editor

Initially, the editor system must be able to handle standard military documents used for the
formal communications of orders and plans, military electronic mail, spreadsheets, and Ada
programs. Emphasis should be on the editing and viewing of electronic data, with the
option of producing reasonable quality hardcopy versions. High-quality typography is not
a first-order concern.

Formats for military standard documents are defined in Appendix I of AFSC PUB 1
(Forms 1 through 8). For electronic mail, the principal need is to edit and view messages
prepared according to the military joint message form (CD Form 173).

As a structure editor for the preparation of Ada programs, the editor system must provide
for the syntax-directed preparation of Ada compilation units and subunits. These include
packages, generics, subprograms, and tasks.

Fairly simple spreadsheets, say at the complexity level of Multiplan, should also be
constructable. Finally, it should not be difficult to extend or modify the system so that the
other objects and applications mentioned in the last section can be processed also.

2.4 The Host Environments

It is assumed that the generator and resulting editors will run under modern hardware and
software host environments, and that their features will not be compromised by past and
obsolete technologies. In particular, in the hardware area, it will be written for advanced
input and output systems, powerful personal workstations, and high bandwidtu local area
networks (LAN's). Input includes an efficient positioning and selection device such as a
mouse. Screen output should be a high orecision raster display, refreshable in realtime
irom a user workstation. A laser printer, or equivalent, is assumed for hardcopy output.
Printer, filing, database, and mailing services are providec across the LAN.

In addition to an Ada compiler and run-time system, the software environmeat has various
front- and back-end facilities that the editor may use. The editor should assume the
availability of a standard graphics package, such as Graphical Kemel System (GKS), and
should use device-independent logical or virtual IO for accessing and manipulating text,
line, and general raster images. Similarly, there is a window package that permits the
definition and management of virtual screens; this permits several simultaneous and
differing views of objects being edited, as well as convenient space for dialogs, menus,
and other interface clements. Eventually, a window manager may be yet another
application of the editor generator.

A back-2nd need and assumption for the editor is a filing and/or database system that
allows the storage and retrieval of object and object classes. For example, the description
(grammar and action routines) for the military document class "Planning Directive” would
be stored and accessible through this system. There is also a mail system that presents
higher-level send and receive operations, that the user can access through the editor. (The
mail system itself is not part of this project.) The management, enforcement, and
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maintenance of security classifications would be implemented through these host systems
(mail, filing, database,...), but the editor must be cognizant that certain operations may be
disallowed because of security violations.

As a general rule, standard interfaces and tools are to be adopted and assumed. In
particular, the CAIS standard is to be employed for Ada programs, filing tasks, and
operating system functions. SQL is the adopted standard language for database access.
TCP/IP and ISO are the networking standards. As implied above, graphics is done
through GKS.

2.5 The User Interface
2.5.1 Views .

The editor displays and allows editing of at least three different views of the structure that is
being edited: the "what you see is what you get" (WYSIWYG) view, a linear textual view,
and a structural view.

The WYSIWYG view displays objects in a fashion that mimics their formatted or pretty-
printed hardcopy images as much as possible. This view is the default and normal
interface. A prominent example of a WYSIWYG interface is the Xerox Star workstation
[SMIT 82] or the Apple Macintosn.

The structural view displays the object's decomposition using graphics or text, whichever
best suits the object at hand. Graphic images might use boxes and arrows to display
structure. Textual images might use indentation or parenthesization to display structure.
The default WYSIWG view suggested in Section 2.6.1 uses indentation and thus presents
structure at the same time.

The linear textual view represents the data file for the object. This view might be a prefix
encoding of the structure, although if the WYSIWYG view includes enough keywords to
permit reconstruction of the object, then a full prefix encoding may not be required.

2.5.2 The Interaction Language

The user commands fall into three classes. Viewing commands provide the means for
traveling through and reading a document, program, message or other component. The
second class, the data and structure editing operations, create and modify objects and their
structures. The third class is a miscellaneous category and contains various important
initialization, filing, and control functions.

For viewing, the editor should implement user instructions for scrolling through objects in
a linear fashion and for traversing and displaying elements in a structured manner. In the
latter case, there should be commands for viewing the parent(s), children, and siblings tor
a given object. It should be possible to define a viewing area implicitly as the result of
executing a search command that searches for a particular object in the structure. The
window manager should also make available a number of user commands related to
viewing; typically, these permit interactive manipulation of window sizes, position, and
prionity (for overlapped windows).

In addition to conventional text editing commands, there should also be structure-editing
operations to perform such functions as insert, delete, create, move, copy, share (attach an
object to more than one parent in the structure, thus producing a directed acrylic graph
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(dag), and change (rename or reclassify) an object of a given class. The next subsection
elaborates on the structure-editing commands.

The editor should provide a minimal undo feature that backtracks one command by
essentially executing the inverse of the last command entered. Ideally, the undo should
extend backwards more than one step right to the beginning of a session, though the user
interface must take care that the user understands exactly how much editing is being
undone.

Miscellaneous commands include those commands to store objects in a resident database or
file, to produce hardcopy versions, and to specify the type of view. Another command
important for user convenience is a help operation that displays system documentation.

Regardless of command type, objects are selected (e.g., for editing) by naming them or by
indicating their geometric extent on the display screen. The latter indication can be done
explicitly by pointing or implicitly by directing the editor to move up or down in the
structure surrounding a specified screen cursor position.

The editor should allow the user to enter any command by typing text, striking a function
key, or selecting from a menu. A fixed command set for each of these three styles should
be defined for the structure-independent commands (e.g., undo, delete, write). These
fixed sets should be augmented with the appropriate structure-dependent commands (e.g.,
node creation), which are automatically inferred from the structure description (see the
next). This feature should be provided by driving the command interpreter from a
grammar, so that different styles of command entry may be used dynamically. In the long
run, services, such as command completion and help, can be generated automatically from
these grammars.

The command language should have a common form for all views and all objects, and it
should follow the WIS standard for command language where it applies. The command
interpreter should be isoiated to simplify future modifications.

2.5.3 Editing Objects Structurally and Textually

The user interfacc is syntax directed; that is, object class grammars drive and prompt user
editing. The structure specification should have associated concrete templates that are
presented to the user to guide editing. However, because different users prefer different
styles, and may want structure editing for only the larger objects, if at all, it should also be
possible to selectively interact non-structurally via linear text. The editor distinguishes
structural and textual commands by using distinct but consistent command sets for each.

For example, suppose the program grammar contained the following rule (Ada "if"
statement):

if_statement ::=
‘ilI' condition ‘then' statements
{ ‘eiseif’ condition ‘then’' statements }

[ ‘else’ statements ] ‘endifl”
The user may enter such statements structurally, perhaps using a ".if' command that

displays a template for a general if_staiement and implicitly directs the user to fill in each of
the required and desired components. The uier may also enter such statements by typing a
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conventional text string; this string must, however, be parsed according to the rule to
produce the appropriate internal structure, check for "syntax" errors, and allow formatted
display.

The set of structure-editing commands like ".if" is automatically generated from the object
grammar. This automatic inference might be implemented by concatenating the non-
terminal symbol naming the rule with some prefix like "." to distinguish structure-editing
commands from the text-editing commands.

This procedure would yield ".if_statement” for the rule above. Such commands could then
be shorteried by deleting any trailing characters that are not needed to distinguish this
command from the other structure-editing commands. This procedure might yield a simple
".if" or even ".i" for the rule above.

Mixed structure and text editing is implemented by parsing and "unparsing" as necessary.
When the user enters a text-editing command, the editor identifies the smallest substructure
that covers the point of interest, unparses it by calling its action routine (See Section VI)
and allows it to be edited as text. The resulting text is reparsed and reattached to the main
structure as soon as the user enters a command that does not apply to the text (such as a
command for editing structure or traveling to another part of the object).

The ability to mix structure and text editing implies that the text must contain encugh
information to recover structure; i.e.it must be parsable. All parsing shall be driven by the
grammar, perhaps using a simple recursive-descent or LL(1) parser. Programs are easily
parsed, but pure textual documents and mail objects will require user-specified tags to
identify structural elements; examples of such tags may be TROFF -ms macro commands
or Scribe environments [NIEV 82].

2.5.4 Editing Object Definitions

New object classes should be specified via the editor and their definitions stored in a
library. Commands for retrieving and editing object instances and class definitions are also
clearly necessary. The grammars defining classes may be created and edited by supplying
the editor with a grammar for grammars, such as the one below:

grammar :x= { rule action }
rule :iz ®ldentifier "::=" expr
expr = term { "|* term )}
term ::= factor { factor )
factor ::= ["°*" | "%"] ®ldentifler | literal
| (" expr ") | "[* expr "I | "{" expr "}"
literal ::= """" { ®character } """"

The asterisk (*) preceding an identifier is used to indicate a user-entered terminal or token,

while the percentage sign (%) denotes a system-generated terminal. The actions associated
with each rule are written in Ada, so they should be entered with the Ada grammar driving

the editor that offers program editing. See Section V1 for more detail on the actions.
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The facility to change structure specifications shall allow the editor to impose different
structures on the same data and thus incidentally unify some previously distinct editing
styles. For example, the grammar

file ::= { printable | separator }

parses a file as a string of printable characters and line separators, which are treated
symmetrically. It thus treats the entire file as a single string. In contrast, the grammar

file ::= { llne }

llne ::= { printable} separator

parses a file into a list of lines, where each line is a string of printables followed by a
separator. It thus specifies a line ecitor. Thus the editor should be able to offer both
editing styles.

2.6 Specification of Object Classes

An object class is defined by a set of rules (a grammar) with associated action routines.
The rules give the syntactical or structural possibilities for members of the class, whi'e the
action routines generate the displayed version of the objects.

The syntax rules are written in a context free grammar form, similar to the notation used to
express Ada syntax rules. Section 2.5.3 presented an example of an if_statement rule
using this format and Secticn 2.5.4 gave a complete description of the poss1b1e forms for
grammar rules (in the grammar for grammars). Further examples are given in Sections
2.6.1, 2.6.2, and 2.6.3.

Tke action routines play a role analogous to semantic action routines in compiler
technology. The primary function of these routines, which are to be written in Ada, is to
produce WYSIWYG display screen output; it should also be possible to direct the output to
a hard copy device. Thus the user is normally interacting with objects whose screen
images are the result of executing action routines. The action routines can aiso be used for
other purposes such as defining templates and maintaining tabular constrain:s in
spreadsheets. Default actions are automatically provided when action rules are not
specified.

The next three subsections describe how grammars with rules and actions may be written to
define structure editors for the object classes of interest. First, a useful set of default
“actions" and templates are outlined. We then show how explicit action routines can be
used to compute templates and WYSIWG views, overriding the defaults. Examples in
military documents, Ada programs, and spreadsheets iilustrate the ideas.

2.6.1 Default Actions and Prompting

If action rules are not given explicitly with the syntax rules, the system will provide
defaults for:

(a) Prompting the user with templates in a goal-directed manner

{(b) Viewing the partially specified document
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Each unelaborated or unspecified syntactic unit is represented by default to the user by
pretty-printing its character string description in the corresponding grammar rule; this
template is treated as an atomic selectable unit. For example, alternative units

(x1|x2]...| xn) could be displayed on the same line, when possible, while sequenced
units {x1 x2 ... xn)| could be displayed on successive lines. An unelaborated unit must
be distinguished from an elaborated one, say, by using reverse video.

Example:
Suppose a grammar contains the rule (production):
document_element ::= text_block ({text block | list} | table

and the document_element unit has been selected. The screen could then display the
string:

"text_biock {text_block | list} | tabie”

with two selectable units, denoted by "text_block {text_block | list}" and "table",
respectively. If the first of the two is selected, the "table” alternative could be erased from
the screen and the user presented with a sequence of two selectable units: "text_block”
followed by “{text_block | list}" on the next output line.

L e et 4

When units are partially or fully specified, a reasonable default is to display the character
string defining each unit in a linear fashion, with a separate line for each element and an
indentation tab for each level down the syntax tree. Unspecified portions are interleaved
with the elabor.ted units and shown on separate lines according to the conventions above.
For repeated items generated from the form {x}, the following default display could be
employed:

C it g

If x1 x2 ... xn has been generated from {x} and each xi is an x unit, then the screen will
3 have the appearance:

{x}
' {x}
{x}

{x}
xn
{x}
with the {x} tagged as unspecified, say by reverse video.
Example.
Using the first altenative of the document_element rule defined above, the following

elaborated units consisting of a text_block followed by a lis: of three elements, followed by
a text_block are possible:
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This document has three parts:
1. header
2. body
3. references
Other organizations are possible.
The default display would be:
This document has three parts:
{text_block | List}
1. header
2. body
3. references
{text_block | list}
Other organizations are possible.
{text_block | list}
There should be an option for the user to turn off the display of elements that are
unspeciried but not required. These are the vnits given by the forms {x} and [x]. This
option permits the final WYSIWYG view. The first part of the last example shows the
view with the "{text_block | list}" turned-off.
2.6.2 Using Action Routines to Define Views of Unelaborated Objects

Acllon rouuncs, wiiiicn 1 nua, Cain o< uscd 1o ovemide the defaults. For an unelaborated

rule identified by the non-terminal symbol e, the display of the selectable units on the right-
hand side of the rule (i.e., the template for the possible components of ) can be defined by

such a routine.
The routine will be an Ada procedure of the form:

procedure DISPLAY_UNELABORATED_UNIT(UNIT :ir UNIT_REFERENCE);

where UNIT is of enunmeration type UNIT_REFERENCE, and may be, for example,
IF_STATEMENT, or DOCUMENT ELEMENT

where DU stands for "Display Unspecified or Unelaborated unit" and e identifies the
syntactic unit. Examples are DU_document_element and DU_if _statement.

A current position for a "pen” on the display surface is available to DU and other aciion

routines. This position, denoted by LOCATION, is updated by the primitive and default
display routines, and can be manipulated in order to translate geometric data such as
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should be available, where rectangle gives the coordinates of a rectangular box surrounding
the unit unit that is to be made selectable. For example, make_selectable(A(3)(1), BOX3)
would attach the unit G (A(3)(1) in the above example) to the displayed box BOX3.

Examples:

1. Given again the rule for document_element defined above in Section 2.6.1,
suppose that the template for the "table" alternative appears below that for
"text_block {text_block i list}" and that the template for the "list” unit is to be
shown indented one tab stop further than a text_block. An action routine to
accomplish this cculd consist of the DU procedure:

DISPLAY_UNELABORATED_UNIT(DOCUMENT_ELEMENT);
-- Dispiay tempiates for each unit.

DISPLAY_DEFAULT_UNELABORATED_UNIT
(DOCUMENT_ELEMENT (1)(1), LOCATION); -- flrst text_block.

DISPLAY_DEFAULT_UNELAEORATED_UNIT(DOCUMENT_ELEMENT(1)(2)(1),
LOCATION); - second text_biock.

LOCATION.X := LOCATICN.X + TAB; .- tab contains indent vaiue.

DISPLAY_LEFAULT_UNELABORATED_UNIT(DOCUMENT_ELEMENT(1)(2)(2),
LOCATION); -- indented list tempiate

LOCATION.X := LOCATIONX - TAB; -- return to oid margin.

DISPLAY _DEFAULT_UNELABORATED_UNIT(DOCUMENT_ELEMENT(2),
LOCATION);
-- tabie

2. Let a right-hand side of a non-terminal x be three units in sequence x1 x2 x3.
Suppose that the unelaborated view is to be x1 and x2 in adjacent columns with x3
centered below. A DU action routine program to produce this format is

DISPLAY_UNELABORATED_UNIT(X)

PREVIOUS _Y_VALUE := LOCATION.Y; -- save previous y value.
DISPLAY_DEFAULT_UNELABORATED_UNIT(X(1),LOCATION); -- dispiay xl.
LOCATION.Y := PREVIOUS_Y_VALUE; -- stay on same iine as xl.
LOCATION.X := LOCATION.X + COLUMNX; -- move to mext coiumn for x2;
DISPLAY_DEFAULT_UNELABORATED_UNIT(X(2),LOCATION); -- dispiay X2:
LOCATION.X := (LOCATION.X_COLUMNX2);

DISPLAY _DEFAULT_UNELABORATED_UNIT(X(3),LOCATION); -- dispiay x3.

3. A grammar rule that is intended to prompt a user to set the time may be of the form:

time ::= hour minutes
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If it is desired to set the time in analog fashion, then the time template could be an
analog clock-face with hour and minute hands defined by the action routine

program:
DISPLAY_UNELABORATED_UNIT(TIME);
FACE(CENTER, RADIUS); -- routine to draw a ciock face.
HEAD.X := CENTERX;
HEAD.Y := CENTER.Y + RADIUS - DELTA;
-- Draw an hours arrow pointing at 12 o'ciock.
ARROW(CENTER, HEAD); -- draw arrow,
HEAD.X := X + RADIUS - DELTA/2;
HEAD.Y := CENTER.Y;
-- Draw a minutes arrow at 15 minute mark.
ARROW(CENTER, HEAD);
-~ Define rectl and rect2 as rectangies surrounding the
-- hour and minutes arrows, respectively (not shown).
-- Now make these rectangies seiectabie so that a user
-- can subsequentiy define the time by seiecting and
-- moving the hands of the ciock.
MAKE_SELECTABLE(TIME(1), RECTI);
MAKE_SELECTABLE(TIME(2), RECT2);

The first rule of a grammar for spread sheets may be:
spread__sheet ::= [header] {row | column} |

Assume that the initial "template” presented to the user is a grid defining possible
entries and that the {row | column} templates are two cursors, one pointing at a
potential column and the other pointing at a potential row. A row (column) cursor
will be some icon, for example an outline of a pointing "finger”, at the left of
(above) the potential row (column). Initially, this will be row 1 and column 1.
Then, the action routine program for DU might be:

DISPLAY UNELABORATED_UNIT(SPREAD_SHEET);

-- Assume grid is initialized (not shown);

DDU(SPREAD_SHEET(1), LOCATION); -- tempiate for optionai header.
OLDX := LOCATION.X;

OLDY := LOCATION.Y;

LOCATION.X := 0; -- row cursor is to the ieft of grid.
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ROW_CURSOR(LOCATION); -- draw cursor for row.

- Assume reci_row is & box surroundiag the row cursor.

MAKE_SELECTABLE(SPREAD_SHEET(2)(1), RECT_ROW);

LOCATION.Y := OLDY;

LOCATION.X :=0LDX;

COLUMN_CURSOR(LOCATION); -- draw cursor above column.

- Assume rect _col surrounds columm cursor.

MAKE_SELECTABLE(SPREAD_SHEET(2)(2), RECT_COL);

2.6.3 Action Routines for Viewing and Elaborating Objects

This section is concerned primarily with the application of action routines for viewing
claborated objects. A second purpose is their use in maintaining constraints.

Using a convention: similar to that employed for an unelaborated unit, we will reference the
claborated units of a grammar production with a structured array notation: $e(i) denotes the
ith first level elaborated unit of the rule named e (having left-hand side ¢), $e(i)(j)
references elaborated element j within element i of ¢, and so on. This *vill be particularly
useful for accessing elements of a repeated unit; for example, the elements of b in the
elaborated rule x ::= a {b} would be referenced by $x(2)(i), i = 1 to size($x(2)), where
size(e) returns the number of units in the list e.

A procedure DISPILAY(t, LOCATION) is assumed that displays a terminal token t, such
as a user_defined terminal, starting at location LOCATION on the screen; LOCATION
is updated to point to the beginning of the next "line”.

For displaying elaborated objects, the programmer must write a routine execute(e)
corresponding to eiich production e. Otherwise, a default execute procedure is used. Ths
default just calls execute repetitively for each component in tumn. For example, the default
execute for therule A ::= BC|DE {F} is:

case unit(A(l)) Is whea BC = >
whea BC = >
EXECUTE(A(1)(1)); -- execute for B.
EXECUTE(A(1)2)); -- execute for C.
when DE = >
EXECUTE(A(1)(1)); - execute for D.
EXECUTE(A(I)2)); -- execute for E.
N := SIZE(A(D)(3)); -- » = & of F's
for 1 iIa 1 .. IV loop
EXECLTE(A(1)(3)(D)): -- execute Ith F.

ead loop;
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end case;

The last major procedure, called instantiate, is used to initialize and update data structures
and views when a particular syntactic unit is instantiated, i.e. selected for elaboration by a
user. The execute routine described above assumes that all units have previously been
instantiated. A uitable default is also defined.

2.7 Example Applications

Examples from the three principal application areas are used to illustrate the desired
techniques. First, a military message document is specified. Next, we give a small
example showing part of a possible system for preparing Ada programs. The last section
develops some ideas for a spreadsheet description.

2.7.1 Definition of a Military Document

A simple form of military document mighi contain the elements and structure given by the
following (incomplete) grammar of eight rules:

1. mil doc ::= security classification issuer date_time subject body

2. security classification ::= ‘Security Classification = '(‘Unclassified’ | ‘Confidential' |
‘Secret' T “Top Secret')

issuer ::=issuing_hq place_of issue
date_time ::= zone hour day month year
subject ::= *string

body ::= paragraph {paragraph}
paragraph ::= *string {*string | elist}

SOl I iR

clist ::= %rumber *string { %onumber *string }

Each paragraph in the body consists of a text string entered by the user (*string) followed
by a sequence of text strings and/or elists. An elist, for "enumerated list", is a sequence of
numbered items, each of which is a system-generated number (%number) followed by a
user-defined text string.

Action rules for computing the values and views from elaborated units in Rule 8 could be
the following segment:

ELIST(1) := "1. "; -- first %number in rule 8.

DISPLAY(ELIST(1), LOCATION); -- display " L. "

LOCATION.X := LOCATION.X + 3; -- move to the right past "L"
LCCATION.Y := LOCATION.Y - LINE_SPACE; -- move back to same line.
DISPLAY(ELIST(2), LOCATION); -- display first °string.

N := SIZE(ELIST(3)); -- n = of !ltems in ().

18




for I in 2.. N LGOP
- generate next number.
ELIST(3)(I)(1) := MAKESTRING(I) & "."; -- generate next number
DISPLAY(FLIST(3)(i)(1), LOCATION);
LOCATION.X := LOCATION.X + 3;
LOCATION.Y := LOCATICN.Y -- LINE_SPACE;
DISPLAY(ELIST (3){I)(2); LCCATION): -- display Ith string.

end ioop;

The view of the mil_doc grammar above could have been produced by this program, since
the grammar rules are in the form of an enumerated list. The above rcutine also worl:s
correctly if the user_defined terminals, denoted by *string, can be designated as shared. A
particularly simple example ~f sharing might occur when entering the mil_doc grammar,
where it may be convenient tc share the five instances of "*string” and two instances of
"%number”.

Action rules could also be written to display other units in locations different than their
default ones. For example, one could write an action routins to center the subject unit
(Rule 5). Similarly, a program analogous to that in Example 2 of Section 2.6.2 might be
employed to display the issuer and date_time units in adjacent columns rather than
vertically; the action routines below for "executing” Rule 1 include this format:

EXECUTEMMIL_DOC(1)); -- security ciassification
OLDY := LOCATION.Y; -- save y for date_time.
EXECUTE(MIL_NDOC(2)); - issuer
LOCATION.Y := OLDY; -. restore y vaiue.
LOCATION.X := LOCATION.X + COLUMNX; -- move right to adjacent column.
EXECUTE(MIL_DOC(3)); -- date_time
LOCATION.X := LOCATION.X - COLUMNX; -- move back.
EXECUTE(MIL_DOC(¥);
EXECUTE(MIL_DOC(%);
2.7.2 Ada Programs

The default WYSIWG view may not be the standard pretty-printed display expected for a
computer program. For example, the expected default view for English text is not the same
as that for programs.

Constder an Ada loop statement, given by the rule:

ioop_statement ::= [‘while’ condition | ‘for’ for_spec]
‘ioop’ statements ‘end ioop:’
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An example of a fully elaborated loop statement containing a while iteration scheme is:
while COST < LIMIT loop
COST := COST + PRICE(N);
N:i=N+1;

end loop; - (1)

Using the default suggested in Section 2.€.1, the above statement would appear:
while
COCST < LIMIT
loop
COST := COST + PRICE(N);
N:i=N+1;

end loop; - (2)

To obtain the more standard pretty-printed view which was shown first (labeled by (1)),
the following execute action routine could be provided for the loop_statement:

OLDX := LOCATION.X; -- save current indentation.
case UNIT(LOOP_STATEMENT(1)) Is
when WHILE_SCHEME =>
DISPLAY("WHILE", LOCATION);
EXECUTE(LOOP_STATEMENT(1)(2));
when FOR_SCHEME =>
DISPLAY(‘for', LOCATION);
EXECUTE(LOOP_STATEMENT(1)(2));
when others => NULL; -- just a piain ioop.
end case;
DISPLAY("LOOP", LOCATION);
LOCATION.X := OLDX + INDENT; -- Indent for statements.
EXECUTE(LOOP_STATEMENT(3)); -- show the statements.
LOCATION.X := OLDX; -- move ck to oid indentation,
DISPLAY("END LOOP", LOCATION);

LOCATION.X := OLDX;

LOCATION.Y := LOCATION.Y « NEW_LINE;

-- updated LOCATION for next statement
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2.7.3 Spread Sheet

Consider a simple spread sheet with a title and an "arbitrary” number of rows and columns
- arbitrary up to the size of the display surface. Each entry can hold cither a user-defined
token, such as a number of a text string, or the result of executing a user-defined formula
that may refer to the values of other entries. To make things concrete, assume that the
formula is given by an Ada program segment that can access an array containing the table
entries:

§S: array(l..nr, i.nc) of entry;
where nr is the number of rows currently elaborated and nc gives the number of columns.

The following grammar specifies this class of spread sheets. It is assumed that a given
entry is shared by both a row and a column; i.e., entry SS(i,j) is shared by row i and
column j.

1. spread_sheet ::= [title] {row | column}
row ::= entry {entry}
column ::= entry {entry}

entry ::= *string | *number | *formula

oA LT i B b

title ::= *string

More claborate rules could be given. For example, the rows and columns could be
numbered explicitly by including a system-generated %number with each row and column.
Because the entries defined in Rules 2 and 3 are shared, the syntactical structure of a fully
claborated table will be a directed acyclic graph (dag) with spread_sheet at the root, row
and column designators (and possible title) at level 1, and shared entries (producing the
dag) at the next level. A shared entry will also be connected to its associated SS element.

The execute action routine to produce a WYSIWYG view corresponding to the first
grammar rule is:

R:=0;
EXECUTE(SPREAD_SHEET(1)); - assumed a no-op for undeflned title.
N := SIZE(SPREAD_SHEET(2)); -- n = #of rows and columns.
for 1 In § .. N loop
if EQUAL(SPREAD_SHEET(2)(I), SPREAD_SHEET(2)(1)) then
- W2 is a row
Ri=R+L;
(EXECUTE(SPREAD_SHEET(2)(1)); -- execute ine row rule

end If;

end loop;
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This just displays the title, if present, and then the table in row order starting from the first
or top row.

Associated with Rule 2 may be the following actions which draw a particular row r. This
is the action program invoked by execute ($spread_sheet(2)(i)) in the above program for
Rule 1.

N := SIZE(ROW(2));
-« Draw a horizontal grid iine (code not shown) to
.- accommodate n + 1 entries.
-~ Draw vertical line demarking first box (not shown).
C:=z1
EXECUTE(ROW(1)); -- show first entry.
<« Draw vertical line ending first box (nmot shown).
for I In 1 .. N loop
C=C+1;
EXECUTE(ROW(2)()); -- show next entry.
- Draw closing vertical line (code not shown).

end loop;

For the complete view, an execute routine is not necessary for Rule 3 since we are moving
through the structure on a row by row basis. However, when a new row is instantiated,
action routines are necessary, as described below. Rule 4 has the corresponding execute
actions:

iff EQUAL(ENTRY(1), ENTRY(3)) then -- it's a formula.
SS(R,C) := EVALAUTE(ENTRY(1));
els.
SS(R,C) := ENTRY(1);
end if;

DISPLAY(SS(R,C), LOCATION);

Here, the evaluate function is an interpreter that evaluates the formula specified in the entry
atrow r and column c. r and ¢ are passed down from the row program above.

For this class of spreadsheets, we want to include the ability to insert a new row or new
column anywhere in the currently defined table, i.c. between any two rows or columns.
Adopt the convention that 2 selection of an unelaborated row (column, respectively) at row
i (column 1), where i <=nr+1 (i <= nc+1), will cause a new row i (column 1) to be
instantiated and old rows i through nr (columns i through nc) 1o be shifted one row down
(one column right) to i+! through nr+1 (i+1 through nc+1). This facility can be provided
by an ‘instantiate’ action routine for row (column) in Rule 2 (Rule 3).




Consider the column case (Rule 3). After determining the selected column, say i, each old
column from i through nc is shifted right by reassigning its entries to the next column and
adjusting the SS array. (A column's entries are obtained by referencing column(j),j=1to
nr.) The shared row entries (row(j), j = i to nc for each row) are also adjusted right since a
row entry previously shared by the kth column is now shared by the (k + 1)st column
when k >=1. Finally, the new column is initialized with unelaborated entries; these entries
are also attached to their corresponding rows so that they are shared correctly.
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3.0 GENERAL REQUIREMENTS FOR A TEXT EDITOR/FORMATTER
3.1 Introduction

The state of the art in text processing should be able to produce an integrated document
containing text, pictures, tables, formulae, and calculations in the ""What-you-see-is-what-
you-get" (WYSIWYG) style. The purpose of this section is to define the following
characteristics and objectives of a modemn text editor/formatter, including:

a. Word processing characteristics

b. WYSIWYG document production

c. Performance considerations

d. Other characteristics, such as universality, compatibility, etc.
3.2 Word Processing Characteristics

The objective for word processing is to provide typing and editing capability which meets
the expectations of common commercial systems. The package provides for formatting
information, for example about placement of tabs and margins, in the text so that several
formats may be used in and recorded with the document. Display modes are provided in
such a way that formatting information may be seen and edited with text editing commands,
or hidden so that the document displayed on the screen looks exactly as it would look when
printed. The package is operated with function keys. Menus are provided in some
situations to assist in operating the program, though most operations, especially frequently
used ones are availabie without using menus.

3.2.1 The Idiom

It is nearly impossible to draw a picture of a face with function keys, and it is awkward to
move a few words of text by mousing to highlight them, then using a menu to cut and past.
Most consultants in office products believe a combination of function keys and pointing
devices is useful in the integrated system. Simple manipulation of text without pictures is
probably better done with function keys.

Above all else, one must keep uppermost in the mind that while it is useful to do a
calculation every now and then, and while one does want to inciude pictures in documents,
most of the work done at a computer terminal is typing and simple editing. A text
processing system must never, never, compromise the ease and speed with which these
basic operations are accomplished.

3.2.2 Cursor Motion

The cursor may be moved arbitrarily in the text, and anything typed will be placed in the
text at the cursor location unless prohibited by write protection of the data or field
definitions in a form. When the cursor reaches the extreme of the screen, the text will
scroll up, down, left, or right to allow the cursor to move to matenal locaied off the screen.
When typing, the text will scroll right, left, or down appropriately so the characters being
typed are placed in the correct position in the document.
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3.2.3 Scrolling

The input device, whether it be a2 mouse, or function keys, will provide capability to scroll
the text up, down, ieft, or right by full or partial screens. It will also provide the ability to
see a specified line or page of the text.

3.2.4 Formatting

Format lines may be inserted into the text specifying tabs and margins for the following
text, including standard and decimal tab stops, and the ability to have the text lines flush
left, right, centered, or justified both left and right. Text is formatted as it is typed, so at
least the material on the screen is correctly formatted at all times. Margins may be set so
that the materiai may be wider than the screen. Proportional spacing is shown directly on
the screen including the use of fonts in which the characters may be of different widths.
Text wraps by words from one line to the next as material is typed, inserted or deleted.
I'age breaks may be inserted or deleted or recalculated with a function key. Pagz breaks
may be manually inserted at a specified spot, and regions of text may be marked so that a
page break will not occur in the region.

3.2.5 Editing

Matenial may be deleted, copied or moved with cut and pasting operations. Such
operations are, in general, initiated by highlighting a region of text to be deleted, moved, or
copied, then using a function key to effect the operation. Regions highlighted may be any
rectangular region on the text, including full lines. The entire docurnent may be so
highlighted to move, copy or delete the whole text. Data is moved from one place to
another by first cutting or copying it. These operations place the data on a “clipboard"”
capable of holding a number of such items. They may subsequently be placed in the same
decumernt or into another with a paste operation. Operations to delete characters, or
backspace over a character are provided. Typing may be either insertive or overstriking.

3.2.6 Search and Replace Operations

The ability to search for a specified phrase, and to replace phrases found by searching with
another phrase are provided. The search may match patterns exactly or with "wild card
characters” to match simple patterns in the text.

3.2.7 Calculating Capability

A capability will be provided to call for the evaluation of formulas like those used in
operating a calculator. Such formulas may appear free form in the text.

3.2.8 Forms

Forms may be defined identifying data fields into which data may be typed or calculated in
a controlled way. Forms in common use, such as Federal tax forms can be specified.
Some field values may be caiculated from data in other fields, and the data entered into
fields may be constrained arbitranly by a program. The field definitions may be shown so
the form itself may be changed by editing it, or may be hidden when the form is in use.
Forms may be arbitranly long, may be wider or longer than the screen.
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3.2.9 Docurnent Interchange Format Capability

An important aspect of a text formatter will be the ability to conform to the proposed MIL-
STD Document Interchange Format (DIF). DIF will allow documents to be transmitted
among different word processing computer systems, retaining the original indents
columns, paragraphs etc. All ASCII characters will be transferred. However, word
wraparound and embedded blank lines may not transfer identically.

Conformance to the DIF will allow rapid transfer of documents from one word proces-~t
to another. This will save the time and work of rekeying these documents.

3.3 WYSIWYG Document Production

The working document should be an image of the final document. Many kinds of dynamic
formatting, such as keeping paragraphs in a specified format even as they are being edited
are becoming typical in modern products. More sophisticated kinds of formatting such as
page break placement, sophisticated footnote placement, etc. are more typically done in a
post process. It is acceptable to delay some computationally intensive operations until a
command is issued to bring the document back into format, but the principle should be that
the working document is as close an approximaticn to the firal document as possible at all
times.

3.3.1 The Integrated Document

The most innovative systems today are including all aspects of common office computing,
word processing, graphics, calculating in spreadsheets, access to databases in one
integrated processing product. The ideal is to be able to include objects of a variety of
types in a “compound document” which not only displays the image to be finally printed,
but carries along in an appropriate way the data used in creating the image.

The compound document is fundamentally a text in the direct image of what is to be printed
finally, but includes pictures which might have been drawn on the computer or scanned by
a digitizer, tables of numbers produced from underlying formulae in a spreadsheet style,
and graphs generated from such tables. The ideal is that all of these constituents remain
"live” so that one can alter the numbers in a table and as a consequence of that action have
other numbers in the document or graphs derived from them change as a consequence of
the editing operations.

The requirements for the text processing system are the capability:

a. To manipulate pictures and graphics objects in a fashion tightly integrated with
text.

b. To provide a way to store arbitrarily complex objects, like the formulae which
generated a table, in conjunction with the text for the table.

c. To activate processing system like spreadsheets which are associated with the
data.

A good test of the compound document is to be able to mail it through an electronic mail
system, and have the recipient be able to revise figures in a spreadsheet component of the
document and activate the spreadsheet calculator to carry out consequent changes in the
document.
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3.3.2 Extended Formatting

The package provided formatting features found in common batch formatting packages
used for preparing typeset material. We use the UNIX Troff package as a model for which
features are included, but not for how they are included. The package provides all these
features in a WYSIWYG fashion so that the document is presented to the user and edited
appearing in this final format. Some global formatting operations, such as page break or
footnote placement may be deferred until called for with a function key, but it is always
possible to put the document into its final print form on the screen with minimal delay.

The package has the following capabilities:

a. Fonts and graphics: The package allows a character set which can be defined
by users giving the picture for a character by designating its pixels.

Such characters may be arbitrary in size and shape, as small as a pixel or larger
than the screen. Picture objects such as common business graphics or
photographs obtained through a digitizer may be designated as characters, and
may then be manipulated as any character, in particular typed, cut, and pasted
arbitrarily. Any text characters may be made bold or italic, underlined, or raised
or lowered to superscript or subscript positions.

b. Layout: Positioning of material may be done at the pixel level, generally in the
style and with the same capabilities as found in modem typesetting machines.

c. Formatting: Automatic section numbering in a variety of styles, page headings
commonly found in books and publications are provided. Footnotes are
positioned properly when page breaks are calculated. Material may be placed in
a number of columns, mixed in with pictures or other displays arbitrarily
placed.

3.3.3 Dynamic Constituents

A more innovative aspect of a compound document is one which provides for inclusion of
capabilities which could not be printed, like moving pictures and voice. A system which
Wang has used for voice is to be able to record voice by tumning on a “recorder”. As you
speak into the recorder, the voice is recorded digitally, and the indication of the recording
appears in your document as a special character placed in the document as though you had
typed it, one character for ! second of speech. Having recorded for a while, you may then
play back a segment of speech by placing the cursor on one of the characters indicating
speech, and press the “play” key. The cursor moves along the characters representing
speech as you hear the recorded voice.

The extension of this system is to be able to manipulate the characters representing speech
as any ordinary character, using cut and past operation. to move speech data from one
place to another, mailing the speech with the document containing the characters, etc.

An extension of suc! a speech system is possible with laser disk technology to provide

similar representation for frames of TV images, so one could record, edit, and mail scenes
captured with a TV camera.
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3.4 Performance Requirements

The most important single aspect of a good editor/formatter is performance. The heart of a
editcr/formatter is viewing and typing text, and these operations shouid offer quality
performance, equal to optimized disk and display operations. The systems should expect
to operate on files of several hundred pages. Some potentially time consuming operations
and challenging execution times include:

Typing Speed: A good typist can type about 50ms/character. "Monkey typing", typing
characters as fast as possible with no content can be done at 25ms/character. Any typing
machine should keep up with the expert typist, ideally with the monkey.

Displaying the Next Page: Computer users can easily scan material at 100 ms/page, and in
systems offering this performance frequently do. Wang uses a figure of about 200ms as
the maximum time to see the next screenful (usually about 200 characters) in a word
processor.

Opening a File: Opening a file should not take more time than the time it takes for an
optimized read of the file. This time would be approximately 10 seconds.

Searching a File: Searching a file should not take more than reading a file. This time
would be approximately 10 seconds.

Closing an Aliered File: Closing an altered file should take the same amount of time as
copying the file. This time is approximately 20 seconds.

Cut or Paste the Entire File: Cutting or pasting an entire file should not take longer than
copying the entire file. This would be approximately 20 seconds.

Operations which depend on file system performance should seek to equal optimized
cperation of the file system. The above figures for file operations on a 100 page, 500,000
byte file can be attained on the IBM PC/XT under MS/DOS using the hard disk. It takes 10
seconds to read such a file and 20 seconds to copy it.

Performance of this kind is achievable and expected in the world of word processors and
personal computers. What are some of the implications for a text processor?

One unplication is that a terminal operating at 9600, or even 19,200 baud on a time-shared
computer will not do the job satisfactorily. A bandwidth of 20,000 characters/per second
or 200,000 baud is required to display 2,000 characters in 100 ms. A time sharing system
(for example UNIX on a VAX) is vary hard pressed to keep up with computation of tiis
demand in any event. A PC like the IBM PC or better as the display device is probably &
requirement, and it should either store its data locally or have at least a 500,000 baud path
to the data.

A second implication is that graphics operations required for the kind of text processing we
recommend must be done with great care. It takes S3ms to simply copy the 16,000 bytes
of data required for the graphics display on the IBM PC. Soft character generation can be
done at speeds approaching our recommendations, but must be carefully optimized.
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4.0 WRITER'S WORKBENCH
4.1 Introduction

This section represents an initial list of tools that should be made available under the general
term "Writer's Workbench” (WWB). It is assumed that such tools will be used to produce
electronically generated information in many formats, including program source code,
reports, formatted text (as in electronic mail), tables, pictures, graphs, etc.

Users need a consistent interface in order to effectively use such a set of tools. Since the
primary purpose of the Writer's workbench is to produce and modify documents, the
primary interface to this set will be a text editor. laeaiiy the ditor will provide the total
environment for the production of these documents. However, costs, carrent technology
and schedules means that this will probably not be the case. The user will interface wiis 2
text editor, but the editor will interface with an entire host of tools. This interface with
other tools will be hidden from the user and a single interface will be presented.

4.2 Scope of Requirements

In this section, the scope of the WWB wiil be outlined. The underlying Ada environment
will be explained, as well as the relationship to other text processing tools. This section
will also list those features that are NOT part of the WWB, although are needed by users of
the WWB.

4.2.1 Environment

This section presents a list of features that a writer will need, and gives a preliminary
specification of how the editor environment will interface with the tool. Probably the most
significant design decision is the information flow between the editor and the tool. The tool
can process the entire document or to process a single object (¢.g., word, picture,
paragraph, etc.). The former means that the tool is an "off-line" type of process to be
invoked when the document is completed, while the latter means that the tools is an
“"extension” of the basic editing function, and that the user is expecting results immediately.

A primary driving force in these decisions is the design of the basic editor. For the WIS-
Ada Foundation Technology Program - Text Processing Area, the decision was made to
input most textual information via a "What You See Is What You Get" (WYSIWYG) text
editor with an underlying character-oriented editor to process streams of text. A companion
section, the General Requirements for a Text Editor/Formatter descnibes the specifications
for this editor in greater detail. This report describes the additional features needed to
provide a full document preparation environment

All tools in the WWB are to be written in Ada and run under the CAIS environment. There
is an important need for consistency of the user interface among the vanous tools. Since
the editor is WYSIWYG with a relatively high resolution raster display to exhibit various
type fonts, the associated tools need the same input/output characteristics. For this reason,
the CAIS terminal packages SCROLL TERMINAL, PAGE_TERMINAL and
FORM_TERMINAL are not applicable. It is assumed that [/O for all tools, evcn those with
simple textual 'O requirements, will use the same graphical interface - ¢.g., GKS and
window manager - as the text editor. Most of the tools will need to open a window for
display purposes and to present information using the same fonts and formats as the editor.

Most tools will also need to read source document files, which will have embedded
formatting commands. A common Ada package for accessing this texi should be provided.
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The amount of information that the editor needs to know about each specific tool should be
minimal. For example, many of the tools return a "picture” that is simply to be inserted
into the source document by the editor. The editor may move this picture to another place
in the document, but it is not the responsibility of the editor to understand the structure of
the "picture”. The underlying tool must be cailed for that.

In addition, several of the tools require information from the editor. In order to simplify

such information, the editor will have a feature for enclosing segments of a document (e.g.,

P word, sentence, picture, paragraph) and sending this to another tool. With this generalized
interface, tool development can proceed independently of editor development.

4.2.2 Omissions

Because the computer screen always displays information as it will appear on the printed

» page, there does not need to be a separate formatting language and tool (as NROFF in
UNIX) which is manipulated by the user. However, files may contain such internal
information in order to be able to display such information on the screen. In addition, the
WYSIWYG structure imposes other constraints on the tools which will be described in the
following section.

b The specifications for a Structure Editor and the Text Editor are described in the preceeding
sections. This report addresses the additional tools not handled by these two editors.

This specification also ignored tools specifically needed by the program designer and
implementor. While it is fully expected that programmers will use the WWB both for
program development (via the editor) and documentation (via the full WWB features), tools
) specifically for program source code production are beyond the scope of this specification.
The class of tools not included here include:

1) Compiler and linker: Tools like Ada compilers, linkers, APSEs, etc. are not
included.

) 2) Source configuration control: Tools to manage source code, dependency
relationships, version control are not included. However, WWB tools will
include some features that are needed since documents have similar problems.

3) Source code analyzers: The set of source code tools like statement analyzers,
complexity analyzers, path analyzers, programming standards checkers,
runtime path monitors, and symbolic debuggers are outside of the scope of
this report.

4.3 Writer's Workbench Tools
In this section, the set of tools making up the WWB will be described. Additional

information, such as whether the tool is provided by the editor, is stand-alone, or is part of
a larger environment, is given.
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43.1 Text Input

This is the primary function of the Text Editor, which is the main interface with the user at
aterminal. This is described by a companion requirements definition.

4.3.2 Formatter

Since the Text Editor is WYSIWYG, formatting concerns are minimal. There does not
need to be a separate formatting language like NROFF of UNIX. A corollary to this is the
need for a sufficiently high bit-mapped display to simulate graphics and various type fonts
that will appear on the printed version of the document.

4.3.3 Equation Input

There is a need to input mathematical and other scientific notation. It is assumed that the
Text (or Structure) Editor will handle this eventually, but initially a separate tool will be
used. Information will be passed to the tool on an equation basis and will return the
formatted text to the editor. When called by the editor, the tool will open a window and use
the same menu system as the editor. The tool will interact with the user to build the
equation, and when completed, will pass the equation back to the calling editor for insertion
into the document.

It is assumed that the editor will be able to move the equation around in the document;
however, if it is necessary to modify the equation, then the Equation tool must be invoked.
To the editor, the equation appears as a "formatted picture” and it does not need to
understand its syntax. The tool, however, must pass information using the same notation
as the editor uses for displaying information.

It is expected that this tool will appear as a "popup window" like on the Macintosh
computer. The user will hit an "equation” menu command, a window will open, the
equation will be built, a "finished" menu button is hit, and the popup window will
disappear with the equation text now appearing at the appropriate place in the source
document. It is expected that most tools will operate in this manner, thus hiding the
differences between the editor and the associated tools.

4.3.4 Table Input

There 1s a need to format information in tabular form. The Text or Structure Editor should
handle this and no additional tool is needed.

43.5 Fonts

It is important to process documents in a variety of type fonts. The Text Editor should
handie this. It is important that all tools that display textual information use the same fonts
so that the "sameness” of the tools is preserved.

4.3.6 Graphics

It is necessary to include diagrams, graphs and other forms of pictures. While it should be
integral to the Text Editor, it 1s imtially assumed that a separate tool will be used to create
pictures. The editor will invoke a tool that will communicate with the user, who will build
the picture. Upon completion, the tooi will return the fimished picture to the editor for
insertion into the document.
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The operation of this tool is similar to the Equation tool. A separate popup window wiil
appear, and when cumpleted, the tool will return a segment of the document that can be
inserted directly by the editor. It is assumed that the editor can move this completed
diagram, but does not have the knowledge to edit or modify it. If that is needed, then the
Graphics tool needs to be invoked.

4.3.7 Spelling Checker

An important tool is one which checks the spelling of the words in the document. This is a
fairly common tool in use today, and is best implemented as a call to the tool to check the
entire document.

Input and output for the tool will be the source document file. The tool has to know how to
read the text and ignore formatting information embedded in the file.

The tool requires at least two input dictionaries:
a. A standard dictionary of English words useful for any document.

b. A separate applications dictionary. This second dictionary includes the special
names, acronyms, and terms specific to a single application area.

There is also an optional third dictionary, terms specific to this document. While this third
dictionary can be merged with the second-application specific dictionary, a separate third
dictionary allows for each document to have its own set of individual objects. These
dictionaries are effectively merged by the Spelling checker as it looks for misspellings.

The Spelling checker may operate in one of two ways:

a. A file of misspelled words is created. As with other tools, the misspelled
words appears in a separate popup window on the screen. In this mode, the file
can be edited after the source document is checked, and the words either fixed
in the document or else arlded to one of the dictionaries as a new legal term.

b. The document is scrolled in the window, and the misspelled words are
successively highlighted on the screen. At each highlighted word, the user can
tell the spelling checker to either add the word to one of the dictioriaries or else
correct the spelling.

In either case, the Spelling checker knows many of the rules for English spelling, and can
determine other forms of words in the dictionary (present, past, future tense, plurals,
participles, etc.). When it displays misspellings, it should also display likely candidates for
the correct term from its dictionaries.

4.3.8 Dictionary

An on-line dictionary is useful for text creation. A writer can invoke the tool with a word
and receive its definition. This can also be used as a spelling checker as words are
inserted. Input will be a word of text, and output will be a small popup window with the
definition.
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4.3.9 Thesaurus

This is a companion to the Spelling checker and Dictionary. The editor passes a word to
this tool and receives a list of synonyms in return (again in its own popup window).

4.3.10 Index

The creation of indices will be handled by a tool that is called with the word to be indexed.
Since the document can be updated, which changes the page numbering, for simplicity it is
assumed that the index tool is again called after the document is completed.

When the user wants to add a word to the index, the term will be highlighted by the editor.
This term will then be passed to a separate tool for inclusion into the index. If the
document has been modified, the index printing routine will recompute the index. Keeping
track of creation times like in the UNIX program make can handle this.

4.3.11 Table of Contents

The production of tables of contents, figures, appendices, etc. can be handled by a tool
similar to the indexing tool. Each new title is appended to the table, and after the document
is completed, the tool is again called to process the page numbers.

4.3.12 Fog Index

A tool of growing importance is one which checks the grammar and style of the document.
Concepts like the ability of understanding the ki (e.g., the complexity of English
sentences, active versus passive voice, the use of acronyms, the vocabulary level, etc.)
have been grouped under the general concept of a "fog" index. It is useful to process all
documents for these features. This tool, similar to the UNIX command "diction" accepts a
source file as input and produces a series of tables describing the language level that has
been used.

A companion tool accepts a part of a document and produces statistics about it. For
example, a writer can pass a single sentence or paragraph to the tool, and in a popup
window, an immediate commentary about the sentence can be produced. This can enable
the writer to get immediate feedback on sentence structure and to change the sentence if

necessary.

4.3.13 File Conversion

While this specification proposes an environment for document preparatior, it is equally
important to be able to process documents produced on other systems. It is expected that
the files created by these tools will contain information needed to format and display the
information, e.g., font sizes, types, graphical information, etc. Thus tools are needed to
read "foreign” documents and convert them to the internal editor format that is to be

developed.

It is unlikely that a single tool can be developed to handle all such foreign documents,
however, a single tool can be developed io handle many of them. Any document
consisting of ASCII (or another character code) characters with a relatively formal syntax
(c.g., a NROFF file) can be described via a context free grammar. A tool can then be built
which reads such a grammar description and a given source file and converts it to the
WWB format needed by the WWB sct of tools.
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It is expected that additional tools might be needed to read specific formats into WWB
format, e.g., specific editors, spreadsheets, etc.

4.3.14 Printing

There is the need to process the documents and turn them into hardcopy on paper via
impact printers, iaser printers or film. Languages like Impress already are used to describe
such processing. There is a need for a tool to convert the internal WWB format into these
standard formats for printing the document.

4.3.15 Comparator

There is a need for a tool to compare successive versions of a document for changes. Since
the information needs to be presented to the user in the same WYSIWYG format, a simple
file comparator is insufficient. This tool has three basic functions as it compares two
different versions of a document:

a. Generates the set of differences between the two documents as a set of changes
displayed in a window (and saved in a file),

b. Prepares a "script” which can be input to the editor which will convert one
document into the other.

c. Prepares a "merged” document consisting of the old and new text.

The old deleted text will appear in one type font (e.g., italics or ‘change bars' in the
margins), the new inserted text will appear in another font (e.g., bold), while the text that is
R unchanged between documents appears in normal type.

Function (a) is useful for determuning what has changed between different documents and
function (b) is useful for backup purposes by saving only the new document and a
suppesedly short script that can be used to "undo” the latest changes. Function (c) is
useful for producing revised user guides or other text to indicate to the user what has
changed recently. This third feature eliminates the document preparer from manually
keeping track of such tedious changes.

4.3.16 Encryption

There is a need, especially in a military environment, to encrypt information. It is assumed
B that encryption is a feature of the underlying W1S-Ada file system and does not need to be
directly addressed here.

4.3.17 Database

There is a need to maintzin an underlying database of documents. Again, this is a feature
b of the underlying WIS-Ada file system and does not need io he addressed here. Itis
assumed that such a database includes aspects of configuration control such as: time and
date of creation, alternative versions, and dependency relationships. Features presertina
simple version control system like make under UNIX are assumed to be present.
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: 4.3.18 Command Language

There is a need to interface with a command language and the editor needs to brild pop up
menus on the screen for the user. This will require coordination with two other task
forces. The graphics task force has been developing the low-level primitives needed to
build such menus on a screen, while the command language task force is working on
primitives for pop up menus. The specification of such windows should be included as
part of these specifications, but is not directly addressed here.
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